The muffin-tin cavity structure is planar and well suited for mm-wave accelerator with silicon etching techniques.
I. INTRODUCTION
A double-sided muffin-tin structure was proposed for acceleration of relativistic electrons at 120 GHz [l] . At very high frequencies, around 100 GHz, the standard technology for the fabrication of RF structures is no longer applicable.
In recent years, micrometer silicon technology [2, 3] has become so well developed that large-scale wafers in the range of lOcm are available and, when metalized, could support planar RF structures for acceleration.
The structures can be made with high precision, on the order of one micrometer, and can be of nearly arbitrary shape. Glass fibers in V-grooves allow for alignment precisions of about 1 to 5 micrometers between wafers. Copper coating of these structures is well established and has been proven to withstand very high fields around 100 MV/m under DC conditions. Additionally, silicon has a very good thermal conductivity, only a factor 2.5 lower than copper at room temperature and even better than copper at liquid nitrogen temperature. Micro channels at the bottom of the wafer could therefore provide very effective cooling.
GEOMETRY AND MODE OF OPERATION
The operating frequency we are considering is 120 GHz (the wavelength X ~2 . 5 mm). For RF cavities of this size, planar structures are well suited. One such structure is the double-sided muffin-tin structure. The structure has a series of advantages: it is of simple geometry and best suited for microfabrication techniques, it is simple to cool from top and bottom, it has low higher-order modes which can be damped easily using the side openings, the side openings provide vacuum pumping slots in a natural way, transverse cut on axis the RF fields cause transverse forces of quadrupole character which can be used for focusing.
For SW acceleration, one has to use a H -mode in order to get a high shunt impedance. Operation at the A -mode, without excitation of neighboring modes, requires the mode bandwidth to be smaller than the distance to the next mode. Taking k=0.05 and Q=2000 (Q scales with w -l I 2 ) only S = l 5 cells can be coupled which means that every 2 cm we would need a feed. This is probably too small a number. A -mode operation also means increased sensitivity to frequency deviations and dimensional tolerances and a cell-to-cell phase deviation to compensate for the losses [4] . The resulting phase shift over the entire structure is the filling time is shorter and the left-over RF power is taken out after the beam passage. This difference may be important, since due to the tininess of the structure the cooling will be at the limit of what is possible. T W operation can be done in either a constant impedance (CI) structure or a constant gradient (CG) structure. For simplicity, we have chosen a CI structure. But, higher peak electrical fields and the non-uniform heat dissipation may either dictate the use of CG structures or split the structure in several sections of different but constant impedances. This is possible with different aspect ratios w/b (see Fig. 1 ) as will be shown in the next section. Other advantages a CG structure normally has as compared to a CI structure are lower sensitivity to errors in frequency, dimensions, and beam break-up. They are, we believe, less important since the muffin-tin is very open with correspondingly large coupling and small higher modes. In both cases, CI and CG, a 2x/3 -mode will be used. This gives the highest shunt impedance, especially for thicker iris walls as are needed here.
Clearly the conclusions have to be reconsidered if the cooling problem turns out to be insurmountable or if the RF power available from the source is not high enough to reach the desired gradients of at least 10 MV/m. If one has to go to cryogenic temperatures, SW operation may be preferable.
RF PARAMETERS
The cavity shunt impedances are calculated using the finite difference computer code MAFIA for the muffin- and the iris thickness t fixed through practical reasons. The length of the side openings was taken large enough such that the fields have decayed sufficiently. The aperture 2a is in principle a free parameter and influences the passband bandwidth as well as &-value, shunt impedance, and wakefields. The value given above is a trade-off between the different requirements. The dispersion relation is given in Fig. 2 . It is well approximated by the theoretical cosine-shape with k = uNu:wa = 0.0475 for fr = 120GHz. From (4) we derive the group velocity as Knowing the group velocity, the structure attenuation follows from A particle sitting on the crest of the RF wave gains an energy V in a structure of length t where Po is the input power. Since ro changes only slo~vly with the cavity dimensions, one can assume it to be constant and optimize V, yielding Vopr 2 0 . 9 m f o r rapt = 1.26. Figure 3 Shunt impedance, ro/Q, and cavity depth b versus aperture 2a at constant cavity width w = 1.8 mm.
The optimum is very flat and not critically dependent on T . Substituting Q from (6) into (8) gives -4 = rOpt/a=9.3 cm. This is about the maximum length one can reasonably achieve with silicon wafers. We choose it a little shorter -4 = 7cm yielding r = 0.945 (9) to have reserve in the wafer length and also to have a somewhat higher energy conversion. With this structure length we get For small beam currents one may tolerate even smaller apertures than the chosen 2a = 0.6 mm. In that case the shunt impedance goes up as shown in Fig. 3 .
If it turns out that the strong dependence of power dissipation along the structure, Eq. ( l l ) , is not tolerable for cooling reasons, we can choose a quasi CG structure with a few CI subsections. The energy gain, Eq. (lo), will only change marginally but the power dissipation can be made nearly uniform along the structure. Fig. 4 shows the necessary aspect ratio w/b in order to adjust the coupling constant k and, therefore, ug (see Eq. 5 ) .
The current threshold for the regenerative multi-bunch beam break-up was estimated as [3] 
IV. CONCLUSION
A double-sided muffin-tin structure is ideally suited for mm-wave frequencies and microfabrication techniques. A traveling wave mode with a 2~/ 3 phase advance per cell has adequate R F parameters and could even form an approximated constant gradient structure. In addition, it has transverse fields of quadrupole character which can be used, at least partially, for focusing.
